Pesticides (herbicides and insecticides) are used extensively in the White River Basin. Application of herbicides to corn and soybeans accounts for most of the use. The pesticides most frequently detected near the mouth of the White River during 1991-95 were the herbicides alachlor, atrazine, cyanazine, and metolachlor. The highest concentrations of herbicides in the river were typically found during late spring runoff following application. Generally, concentrations of alachlor have been decreasing while concentrations of acetochlor have been increasing in response to changes in the use of these herbicides in the basin. The total amount of the commonly used herbicides transported by the river is about 1 percent or less of the amount applied to cropland. Insecticides commonly used in urban and agricultural areas also were found but in much lower concentrations than commonly used herbicides.
INTRODUCTION
In 1991, the U.S. Geological Survey began the National WaterQuality Assessment (NAWQA) Program. The long-term goals of the NAWQA Program are to describe the status and trends in the quality of a large, representative part of the Nation's surface-and ground-water resources and to provide a sound, scientific understanding of the primary natural and human factors affecting the quality of these resources (Hirsch and others, 1988) .
The White River Basin in Indiana was among the first 20 river basins to be studied as part of this program. A major component of the White River Basin study is to determine the occurrence of pesticides in the White River. This paper presents the findings from pesticide data collected from one site near the mouth of the river from May 1991 through September 1995.
DESCRIPTION OF THE WHITE RIVER BASIN
The White River Basin is part of the Mississippi River system and drains 11,350 square miles of central and southern Indiana ( fig. 1 ). Longterm average streamflow is about 12,300 cubic feet per second near the White River's confluence with the Wabash River in southwestern Indiana. Variations in streamflow are generally moderate and seasonal. Streamflow is typically highest in April and May and lowest in late summer and fall. Average annual precipitation within the study area ranges from 40 inches in the northern part of the basin to 48 inches in the southcentral part of the basin and usually is distributed evenly throughout the year. Rainfall in the winter and early spring is generally of long duration, steady, and of mild intensity, whereas late spring and summer rainfall tends to be of short duration and high intensity.
The population of the White River Basin in 1990 was approximately 2.1 million people, about three-fourths of which are concentrated in the northern part of the basin. The Indianapolis Metropolitan Area accounts for about 60 percent of the total population. About 85 percent of publicwater supply is from surface-water sources. The primary land use in the basin is agriculture ( fig. 2 ) which accounts for about 70 percent of the basin. Extensive soybean and corn production occurs in the northern, southwestern, and southeastern parts of the basin. In 1992, about 22 percent of the basin was planted in corn, and about 18 percent was planted in soybeans. These two crops accounted for 78 percent of all cropland. Other crops account for a much smaller percentage of the basin and include hay (about 3 percent) and wheat (about 2 percent) and, to a much lesser extent apples, barley, cucumbers, green beans, melons, oats, potatoes, pumpkins, rye, sorghum, strawberries, tobacco, and tomatoes (each less than 0.1 percent). The south-central part of the basin is not farmed as extensively as other parts because of the hill and valley landscape. Most of the forested land in the basin is located in this region. There is significant industrialization in the cities of Indianapolis, Muncie, and Anderson.
PESTICIDE USE IN THE WHITE RIVER BASIN
Herbicides applied to corn and soybeans dominate pesticide use in the White River Basin. Herbicides are applied in the spring during planting to virtually all of the corn and soybean crop. Triazine (primarily atrazine and cyanazine) and acetanilide (alachlor and metolachlor) compounds are the most commonly used herbicides. Acetochlor, a new corn herbicide, is beginning to be used in the basin. Acetochlor was conditionally registered by the U.S. Environmental Piotection Agency (USEPA) in 1994 (Stephen Johnson, U.S. Environmental Protection Agency, written communication, 1 994). It is expected that use of acetochlor will significantly reduce total amounts of herbicides used in the United States, and its continued registration is conditional on this reduction. Even before the registration of acetochlor, the use of alachlor had been decreasing in Indiana. Use of alachlor on corn and soybeans decreased by about 30 percent between 1990 and 1993 in central and southern Indiana ( fig. 3 ). An even larger percentage decrease during this time occurred in the use of butylate, another common herbicide. Use of metolachlor and cyanazine increased during the same time period. Because of increased use of no-till farming practices in the basin, there has been a significant increase in the use of glyphosate and 2,4-D. These herbicides are used prior to planting to kill all plant growth. Insecticides are applied during the summer to about 25 percent of the corn crop and typically are not applied to soybeans. The estimated agricultural use of pesticides in the White River Basin is shown in table 1. About 96 percent of the total agricultural pesticide use in the basin is on corn and soybeans (Anderson and Gianessi, 1995) . Fungicide and insecticide use on apples, tomatoes, and watermelons (2.2 percent of use) and herbicide use on wheat, pasture, and hay (1.0 percent of use) accounts for most of the remaining agricultural pesticide use.
Nonagricultural use of pesticides in the White River Basin is not as well documented as agricultural use. Insecticides typically account for a larger percentage of the total amount of pesticides used in urban areas than in agricultural areas (Hodge, 1993) . The insecticides allethrin, chlorpyrifos, diazinon, lindane, malathion, and propoxur, and the herbicides 2,4-D, MCPP, and glyphosate commonly are used in urban areas.
STUDY APPROACH
Collection of water samples for measurement of pesticide concentrations in the White River began in May 1991. Samples were collected at Hazleton, Ind., approximately 19 miles from the mouth of the river ( fig. 1 ). This site includes the drainage from all but 45 square miles of the 11,350-square-mile White River Basin. Samples were collected twice weekly to twice monthly during May through August and approximately monthly during the rest of the year with procedures described by Shelton (1994) . Samples were analyzed by the U.S. Geological Survey National Water Quality Laboratory primarily for triazine and acetanilide herbicides in 1991 and early 1992. Beginning in May 1992, the number of compounds analyzed for was expanded to include many herbicides and insecticides commonly used in the White River Basin. Acetochlor was included beginning in April 1994. Gas chromatography/mass spectrometry methods were used to measure dissolved pesticide concentrations in water samples collected from the river (Sandstrom and others, 1992; Zaugg and others, 1995) .
FINDINGS
A summary of the results of pesticide sampling in the White River at Hazleton, Ind., is presented in table 2. The herbicides atrazine and meto- lachlor were the most commonly detected pesticides in the river. Atrazine was detected in each of the 156 samples collected. Metolachlor was detected nearly as often. Atrazine concentrations were as high as 11 |ig/L (micrograms per liter) and metolachlor concentrations were as high as 4.9 ug/L. Other herbicides detected in appreciable concentrations (maximum concentration greater than or equal to 0.2 ug/L) were acetochlor, alachlor, cyanazine, metribuzin, prometon, and simazine. These compounds typically were detected during the growing season and less often or not at all during the rest of the year. Butylate, another commonly used herbicide, was not found as often and only at low concentrations. Decreasing alachlor concentrations in the White River ( fig. 4) reflect the decreasing use of this herbicide in the basin (fig. 3) . Likewise, increasing concentrations of acetochlor in the White River ( fig. 5 ) reflect increasing use of this herbicide in the region. Diazinon and fonofos were the most commonly detected insecticides, although the maximum concentrations of these insecticides were substantially less than the maximum herbicide concentrations. The maximum insecticide concentration found (0.18 ug/L for diazinon) was approximately 60 times less than the maximum herbicide concentration found. Herbicide concentrations were highest in late spring or early summer. The highest concentrations typically occurred during the first one or two periods of runoff following ap- 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 II 1 1 1 1 II 1 1 1 1 1 1 plication. The seasonal pattern in atrazine concentrations in the White River ( fig. 6 ) was typical of the pattern observed for most of the commonly used herbicides. The timing of peak herbicide concentrations in the river was a function of weather conditions prior to application and rainfall-runoff patterns after application. High herbicide concentrations tend to be associated with rising streamflow when it occurs during the several weeks following application and not associated with streamflow during the rest of the year (figs. 4-6). Figure 7 shows the effect of two different conditions on the timing of peak atrazine concentrations. In 1991, temperatures were above normal and rainfall was near or below normal in April, enabling farmers to plant in late April and early May. Peak atrazine concentrations were associated with the runoff that occurred in late May, even though there was only a relatively small increase in streamflow. Conditions were significantly different in 1992. Belownormal temperatures in April and May and 18 continuous days of rain in April prevented most farmers from planting until the latter half of May, especially in the northern, intensively farmed part of the basin. Following planting, little runoff occurred until late June, and peak atrazine concentrations were once again associated with increased runoff. The amount of the commonly used herbicides transported by the river was a small fraction of the total amount applied to cropland in the basin (table 3) . Slightly more than 1 percent of the atrazine applied was transported by the river. The percentage transported for other compounds was even less. Only about 0.1 percent of the butylate applied was transported. Few data are available to determine whether decomposition compounds of these herbicides are an appreciable form of transport. Carter and others (1995) indicate that for atrazine in the White River, transport of decomposition compounds was less than the transport of atrazine.
